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In this paper, we first generalize the formulation of entropic gravity to (n + I)-dimensional 
spacetime. Then, we propose an entropic origin for Gauss-Bonnet gravity and more general 
Lovelock gravity in arbitrary dimensions. As a result, we are able to derive Newton's law of 
gravitation as well as the corresponding Friedmann equations in these gravity theories. This 
procedure naturally leads to a derivation of the higher dimensional gravitational coupling 
constant of Friedmann/Einstein equation which is in complete agreement with the results 
obtained by comparing the weak field limit of Einstein equation with Poisson equation in 
higher dimensions. Our study shows that the approach presented here is powerful enough 
to derive the gravitational field equations in any gravity theory. 
PACS: 04.20.Cv, 04.50.-h, 04.70.Dy. 

I. INTRODUCTION 

Nowadays, it is a general belief that there should be some deep connection between gravity 
and thermodynamics. Indeed, this connection has a long history since the discovery of black 
holes thermodynamics in 1970's by Bekenstein and Hawking The studies on the profound 
connection between gravity and thermodynamics have been continued until in 1995 Jacobson 
[4] disclosed that the Einstein field equation is just an equation of state for spacetime and in 
particular it can be derived from the the first law of thermodynamics together with the relation 
between the horizon area and entropy. Inspired by Jacobson's arguments, an overwhelming flood 
of papers has appeared which attempt to show that there is indeed a deeper connection between 
gravitational field equations and horizon thermodynamics. It has been shown that the gravitational 
field equations in a wide variety of theories, when evaluated on a horizon, reduce to the first law of 



thermodynamics and vice versa. This result, first pointed out in 



12 



ias now been demonstrated in 
, and in braneworld scenarios 



various theories including f(R) gravity [6], cosmological setups 

For a recent review on the thermodynamical aspects of gravity and complete list of 



references see [15[. The deep connection between horizon thermodynamics and gravitational field 
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equations, help to understand why the field equations should encode information about horizon 
thermodynamics. These results prompt people to take a statistical physics point of view on gravity 
A remarkable new perspective was recently suggested by Verlinde 16(] who claimed that the 



laws of gravitation are no longer fundamental, but rather emerge naturally from the second law 
of thermodynamics as an "entropic force". Similar discoveries are also made by Padmanabhan 
[17I who observed that the equipartition law for horizon degrees of freedom combined with the 
Smarr formula leads to the Newton's law of gravity. This may imply that the entropy links 
general relativity with the statistical description of unknown spacetime microscopic structure when 
a horizon is present. The investigations on the entropic gravity has attracted a lot of interest 



recently 



mm\- 



On the other hand, the effect of string theory on classical gravitational physics is usually inves- 
tigated by means of a low energy effective action which describes gravity at the classical level. This 
effective action consists of the Einstein-Hilbert action plus curvature-squared (Gauss-Bonnet) term 
and also higher order derivatives curvature terms. Lovelock gravity 



311 ] which is a natural gen- 



eralization of Einstein gravity in higher dimensional spacetimes contains higher order derivatives 
curvature terms, however there are no terms with more than second order derivatives of metric 
in equations of motion just as in Gauss-Bonnet gravity. Since the Lovelock tensor contains met- 
ric derivatives no higher than second order, the quantization of the linearized Lovelock theory is 
ghost-free |32l ]. 



Since the entropic gravity is fundamentally based on the holographic principle, one expects 
that entropic gravity can be generalized to any arbitrary dimension [lfj]. The motivation for 
studying higher dimensional gravity originates from string theory, which is a promising approach 
to quantum gravity. String theory predicts that spacetime has more than four dimensions. Another 
striking motivation for studying higher dimensional gravity comes from AdS/CFT correspondence 



conjecture 



331 ] . which associates an n-dimensional conformal field theory with a gravitational theory 



in (n + 1) dimension. The generalization of this duality is embodied by the holographic principle 



34l ]. which posits that the entropy content of any region of space is defined by the bounding area 



of the region. These considerations have provided us enough motivation to study the formulation 
of the entropic gravity in (n + l)-dimensional spacetime. In this paper, we consider the problem 
of formulating entropic gravity in all higher dimensions. We also show that in an string inspired 
model of gravity the formalism of entropic force works well and can be employed to derive the 
Newton's law of gravity as well as the (n + l)-dimensional Friedmann equation in Gauss-Bonnet 
theory and more general Lovelock gravity. 
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This paper is organized as follow. In the next section we generalize the entropic gravity to 
arbitrary dimensions and will derive successfully Newton's law of gravitation as well as Friedmann 
equation in (n + l)-dimensions. In section III, we derive Newton's law of gravity and the (n + 1)- 
dimensional Friedmann equation in Gauss-Bonnet theory from the entropic gravity perspective. 
In section IV, we generalize our study to the more general Lovelock gravity. The last section is 
devoted to conclusions and discussions. 



II. ENTROPIC GRAVITY IN (n + l)-DIMENSIONS 

According to Verlinde, when a particle is on one side of screen and the screen carries a temper- 
ature, it will experience an entropic force equal to 

F = ~T^. (1) 

By definition, F is a force resulting from the tendency of a system to increase its entropy. Note 
that AS" > and hence the sign of the force is determined by how one chooses the definition of 
Ax as it relates to the proposed system. Here Ax is the displacement of the particle from the 
holographic screen, while T and AS are the temperature and the entropy change on the screen, 
respectively. Suppose we have a mass distribution M which is distributed uniformly inside an 
screen S. We have also a test mass m which is located outside the screen. The surface £ surrounds 
the mass distribution M has a spherically symmetric property, while the test mass m is assumed 
to be very close to £ comparing to its reduced Compton wavelength X m = Now, consider 
an (n + l)-dimensional spacetime with n spacial dimensions. The mass M induces a holographic 
screen S n at distance R that has encoded on it gravitational information. The volume and area of 
this n-sphere are 

V n = n n R n , S n = nn n R n ~\ (2) 

where 

"•-fjfTu- r( i +1) = M- 1,! - (3) 

According to the holographic principle, the screen encodes all physical information contained within 
its volume in bits on the screen. The maximal storage space, or total number of bits, is proportional 
to the area S n . Let us denote the number of used bits by N . It is natural to assume that this 
number is proportional to the area £ n , namely 

£„ = NQ, (4) 
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where Q is a constant which should be specified later. Since N denotes the number of bits, thus 
for one unit change we find AN = 1. Therefore, from relation ([3]) one gets AS ra = Q. Motivated 
by Bekenstein's area law of black hole entropy, we assume the entropy of the (n — l)-dimensional 
holographic screen obeys the area law, namely 

c 3 S n 



4hG n+1 ' 

where 



(5) 



„3 pn— 1 

G n+1 = 2n^rq)^-, (6) 
is the (n + l)-dimensional gravitational constant [29]. We also assume the entropy change 

a s - c3AS » _ c3 Q m 

is one fundamental unit of entropy when Ax = , and the entropy gradient points radially from 
the outside of the surface to inside. Assuming that the total energy of the system, 

E = Mc 2 , (8) 



is evenly distributed over the bits. Then according to the equipartition law of energy 
energy on the screen is 



351 ] . the total 



E = ^Nk B T. (9) 



Combining Eqs. (@J), (|SJ) and ©, we find 

m 2Mc 2 Q . . 

T -^5T- (10) 

Finally, inserting Eqs. jZJ and ()10|) as well as relation Ax = in Eq. ([T]), after using relation 
S n = nQ, n R n ~ l , it is straightforward to show that the entropic force yields the (n + l)-dimensional 
Newton's law of gravitation 



Mm 

F 



R 



n-l 



Q 2 c 6 



2n£l n h 2 kBG n 

This is nothing but the Newton's law of gravitation in arbitrary dimensions provided we define 



(11) 



Q 2 = —nn n k B G 2 n+1 . (12) 



For n = 3 we have G4 = £ 2 c 3 /H and the above expression reduces to Q 2 = Sirk^ip [24]. Finally we 
reach 



-Gn+x^zi- (13) 
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As the next step, we generalize the study to the cosmological setup. Assuming a homogeneous and 
isotropic Friedmann-Robertson- Walker (FRW) spacetime which is described by the line element 

ds 2 = h lxv dx tl dx v + R 2 d£ll_ x . (14) 

Here R = a(t)r, x° = t, x 1 = r, and /i M „=diag (— l,o /(l — kr 2 )) is the two dimensional metric, 
while cff2^_i is the metric of (n — l)-dimensional unit sphere. The dynamical apparent horizon can 
be determined using relation h^ u d^Rd u R = 0. It is a straightforward calculation to show that the 
radius of the apparent horizon for the FRW universe becomes 

R = ar=— 1 (15) 
^/H 2 + k/a 2 

We also assume the matter source in the FRW universe is a perfect fluid with stress-energy tensor 

T^ u = (p + P)u^u v + pg^ u . (16) 

Conservation of energy- momentum in (n + l)-dimensions leads to the following continuity equation 

p + nH(p + p)=0, (17) 

where H = a/a is the Hubble parameter. First of all, we derive the dynamical equation for 
Newtonian cosmology. Consider a compact spatial region V n with a compact boundary S n , which 
is a sphere with physical radius R = a(t)r. If we combine the gravitational force (|13p with the 
second law of Newton for the test particle m near the screen Xl n , then we obtain 

Mm 

F = mR = mar = -G n +ij—[- (18) 



18] 



The total physical mass M in the spatial region V n is defined as 

M = j dV {T^u u ) = n n R n p, (19) 

where p = M/V n is the energy density of the matter inside the the volume V n = 0, n R n . Combining 
Eqs. (fT8|) and (fl~9|) we reach 

a 2G ra+1 W 2 

- = -G n+1 n nP = - n{ n_ 1}! p- (20) 

This is the dynamical equation for (n + l)-dimensional Newtonian cosmology. In four dimensional 
spacetime where n = 3, we recover the well-known formula, 

a AttG 

a - —»■ < 21 » 
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In order to derive the (n + l)-dimensional Friedmann equations of the FRW universe, let us notice 
that the quantity which produces the acceleration in a dynamical background is the active gravita- 



tional mass M 



361 ] rather than the total mass M. To determine the active gravitational mass, we 



should express A4 in terms of energy- momentum tensor T^ u . The key point here is to connect the 
en ergy _ m Tr with the Sp aceti m e — e with the US e of the Mmm -K<Ws dehnition 
of active gravitational mass. The active gravitational mass in (re + l)-dimension is defined as |18[] 

M -^X <fl, ( r "-^T r *")" v - (22) 

It is a matter of calculation to show that 

M ~2^- ^ + ""1 = „(„-t(l-l)! t( " - 2) " + (23) 



Now, we can combine Eq. (j23h with f)18j) provided we replace M in Eq. (|18p with induced active 
gravitational mass .M. This can be done because according to the weak equivalence principle of 
general relativity, the active gravitational mass of a system (here the universe) in general relativity 
is equal to its total mass in Newtonian gravity. We find 

£ . _^±ia„ [( „ - 2)p + np] _ -_J^g!_ [( „ _ 2) , + „„,. (24) 

This is the acceleration equation for the dynamical evolution of the FRW universe in (n + 1)- 
dimensional spacetime. Multiplying da on both sides of Eq. (|2"3|) . and using the continuity equation 
(|17|) . after integrating we find 

a 2 = = re(,-2)(f-l/ ' (25) 

where fc is an integration constant. When n = 3, we have Q3 = 47r/3 and one recovers the standard 
Friedmann equation 



k 8irG 

y 



H 2 + ~ = -i^P- (26) 



Is it worth noting that in the literature the (re + l)-dimensional Friedmann equation, in Einstein 
gravity, usually is written as 

H 2 + ~ 2 = -T^P, (27) 
a z re(re — lj 

with K n = 87rG n +i (sometimes it is also written K n = 8ttG). Let us note that the coupling in the 
r.h.s of this equation differs from that we derived in Eq. (I25p for n > 4. A question then arises, 
which one is the correct Einstein gravitational constant? We believe that the coupling constant 
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we derived from the entropic force approach is the correct one. To show this, let us note that the 
root of the factor 8ir in Eq. (I26D and also (]27p is the relation 

Roo = V 2 0, (28) 

where <f> is the Newtonian gravitational potential and i?oo is the (00) component of the Ricci tensor. 
Now, the coefficient in the Poisson equation, i.e. 4ir has been obtained using the Gauss law for 
3-dimensional space. Thus we should first derive the correct coefficient for n-dimensional space. 
Applying Guass's law for an n-dimensional volume, one finds the Poisson equation for arbitrary 
fixed dimension 



37] 



V = (g-i)! P ' ' 



On the other hand for n > 3, one finds |3 

-Roo = (j^Zjj KnP ' ( 30 ) 

Comparing Eqs. ()28f) . (I29p and (I30p gives us the following modified Einstein gravitational constant 
for arbitrary n > 3 dimensions 

_ 2(n - 1) W 2 G n+1 

(n-2)(f-l)! • W 

Substituting relation (|3ip in (|27p. immediately shows that the correct form of the Friedmann 
equation in n > 3 dimension is the expression we derived in Eq. (|25|) . This is a remarkable result 
and shows that the approach presented here is powerful enough to derive the correct form of the 
gravitational field equations. 



III. GAUSS-BONNET ENTROPIC GRAVITY 



Next we study the entropic force idea in Gauss-Bonnet gravity. This theory contains a special 
combination of curvature-squared term, added to the Einstein-Hilbert action. The key point which 
should be noticed here is that in Gauss-Bonnet gravity the entropy of the holographic screen does 
not obey the area law. The lagrangian of the Gauss-Bonnet correction term is given by 

C GB = R 2 - 4R ab R ab + R abcd R abcd . (32) 

The low energy effective action of heterotic string theory naturally produces the Gauss-Bonnet 
correction term. The Gauss-Bonnet term does not have any dynamical effect in four dimensions 
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since it is just a topological term in four dimensions. Static black hole solutions of Gauss-Bonnet 
gravity have been found and their thermodynamics have been investigated in ample details 



38, 



The entropy of the static spherically symmetric black hole in Gauss-Bonnet theory has the following 



expression 



39] 



c 3 S r 



AhG 



n+l 



1 + 



n- 12a 
n — 3 r\ 



(33) 



where T, n is the horizon area and r + is the horizon radius. In the above expression a = (n — 2)(n 



3)a, where a is the Gauss-Bonnet coefficient which is positive 



namely a > 0. We assume the 



entropy expression (|33p also holds for the apparent horizon of the FRW universe in Gauss-Bonnet 
gravity Q] • The only change we need to apply is the replacement of the horizon radius r + with the 



apparent horizon radius R, namely 

S 



c Ti n 
4hG, 



n+l 



1 + 



n 



1 2d 



(34) 



n-3R 2 

For n = 3 we have a = 0, thus the Gauss-Bonnet correction term contributes only for n > 4 as we 
mentioned. In this case, the change in the entropy becomes 



AS 



c 3 AE, 



+ 



n 



1 c 6 a 



AhGn+i n — 3 2/iGn+i 



-A 



R 2 



(35) 



Using the relation E n = nQ. n R n 1 we have AE n i? 



[n 



with Eq. 



after using relation AS n = Q, we obtain 



AS 



Qc 3 



4G n+1 h 

Inserting Eqs. {10]), ^ and {36} in Eq. (P) we find 

Mm 



1 + 



2a 
R 2 



l)T, n AR. Combining this expression 



(36) 



-G 



n+l 



R 



n-l 



1 + 



2a 
R 2 



(37) 



This is the Newton's law of gravitation in Gauss-Bonnet gravity resulting from the entropic force 
approach. In the absence of Gauss-Bonnet term (d = 0) one recovers Eq. f)13[) . It is worth 
mentioning that the correction term in Eq. (|37p can be comparable to the first term only when 
R is very small, namely for strong gravity. This implies that the correction make sense only at 
the very small distances. When R becomes large, i.e. for weak gravity, the modified Newton's law 
reduces to the usual Newton's law of gravitation. 

Finally, we derive the (n+l)-dimensional Friedmann equation of FRW universe in Gauss-Bonnet 
gravity using the approach we developed in the previous section. In the presence of Gauss-Bonnet 
term Eq. (f20|) is modified as 

a 2G n+i W 2 



"(5-1)! 



P 



2a 

l + T 2 



(38) 
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Note that R = a(t)r is a function of time. Eq. (|38p is the dynamical equation for (n+l)-dimensional 
Newtonian cosmology in Gauss-Bonnet gravity. The main difference between this equation and 
Eq. (|20p is that the correction term depends explicitly on the radius R. In order to remove this 
confusion, we suppose that for Newtonian cosmology the spacetime is Minkowskian with k = 0. In 
this case we have R = 1/H, and thus we can rewrite Eq. (I38p as 



a 
a 



2G„ +1 W 2 



1) 



1 + 2a ( - 

a 



(39) 



Combining Eq. (f38|) with ([23]) . after replacing M by M, we get 



a 
a 



2G n+1 W 2 



; [(n - 2)p + np] 



1 + 



2a 



(40) 



n(n - 2)(f -l)! 1 

Thus we have derived the acceleration equation for the dynamical evolution of the FRW universe in 
Gauss-Bonnet theory. Multiplying da on both sides of Eq. (|4"0l) , and using the continuity equation 
(fTTj). we get 



d(a 



;.2\ 



4G n+1 W 2 



n(n-2)(f - 1)! 



d(pa 2 



2a d{pa? 



(41) 



Integrating yields 



H 2 + ~ 2 



4G n+1 W 2 



1 + 



2a f d(pa 



P R? 



2\1 



(42) 



n(n-2)(f -1)!' 

Now, in order to calculate the correction term we need to find p = p(a). Suppose a constant 
equation of state parameter w = p/p, integrating the continuity equation (|17p immediately yields 



p = p a 



-n(l+w) 



(43) 



where po, an integration constant, is the present value of the energy density. Inserting relation fH? 
in Eq. (|42|) . after integration, we obtain 

2a (n(l + w) - 2 



2 k 4G n+1 7T"/ 2 

+ a 2 n(n-2)(f - 1)! P 



1 + 



i? 2 V n(l + u>) 



Using Eq. (|15p we can further rewrite the above equation as 



i? 2 + 



A; 



l + 2a(i7 2 + -^ n(1 + U;) - 2 



-1 



4G n+1 7T™/ 2 



o"/ [ \ a^y n(l + w) 

Next, we expand the above equation up to the linear order of a. We find 

2 Ar t _n/2 



n(n - 2)(f -1)!' 



^ 2 + 4 I + a' I H 2 + 4 



n(n -2)(f-l) 



(44) 



(45) 



(46) 
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where we have defined 

, _ 2a[2-n{l + w)) 

a — r-. s > (47) 

n(l + w) K ' 

and we have neglected 0(a 2 ) terms and higher powers of a. This is due to the fact that at the 
present time R 3> 1 and hence H 2 + k/a 2 <C 1. Indeed for the present time where the apparent 
horizon radius becomes large, the correction term is relatively small and the usual Friedman equa- 
tion is recovered. Thus, the correction make sense only at the early stage of the universe where 
a —¥ 0. When a — > 0, even the higher powers of a should be considered. With expansion of the 
universe, the modified Friedmann equation reduces to the usual Friedman equation. 

Eq. (|46p is the (n + l)-dimensional Friedmann equation in Gauss-Bonnet Gravity. The Fried- 
mann equation obtained here from entropic force approach is in good agreement with that obtained 



40J. This fact further supports the 



from the gravitational field equation in Gauss-Bonnet gravity 
viability of Verlinde formalism. 



IV. LOVELOCK ENTROPIC GRAVITY 

Finally we generalize our discussion to a more general case, the so-called Lovelock gravity, which 
is a generalization of the Gauss-Bonnet gravity. The most general lagrangian which keeps the field 
equations of motion for the metric of second order, as the pure Einstein-Hilbert action, is Lovelock 
lagrangian 3(3]. This lagrangian is constructed from the dimensionally extended Euler densities 
and can be written as 

m 

L = Y,c P L p , (48) 

p=0 

where c p and L p are arbitrary constant and Euler density, respectively. Lq set to be one, so cq 
plays the role of the cosmological constant, L\ and L2 are, respectively, the usual curvature scalar 
and Gauss-Bonnet term. In an (n + l)-dimensional spacetime m = [n/2]. The entropy of the 
spherically symmetric black hole solutions in Lovelock theory can be expressed as [411 ] 

S = J^- y * (n ~ 1} c t r + 2 - 2i . (49) 
where E n = nf! n r" _1 is the horizon area. In the above expression the coefficients q are given by 

2m 

co = -, C ° - : , ci = 1, di = CjTT(n + 1 - j) i > 1. (50) 
n n — 1 ±A - 

y ' i=3 
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Note that in expression (|49p for entropy, the cosmological constant term cq doesn't appear. This 
is a reasonable result, and due to the fact that the black hole entropy depends only on its horizon 
geometry. We further assume the entropy expression (|49p are valid for a FRW universe bounded 
by the apparent horizon in the Lovelock gravity provided we replace the horizon radius r + with 
the apparent horizon radius R, namely 



S 



c S n 



E 



i(n — 1) 



4hG n+ i ^-f n - 2i + 1 
i=i 



2-2i 



(51) 



It is easy to show that, the first term in the above expression leads to the well-known area law. 
The second term yields the apparent horizon entropy in Gauss-Bonnet gravity. The change in the 
general entropy expression of Lovelock gravity is obtained as 

c 3 Q 



AS 



4hG 



n+l 



E 

i=l 



icsR 



2-2i 



(52) 



where we have used Eq. (JH). Inserting Eq. (fTOj) . (fl"2|) and (f52|) in Eq. ([T]) one finds 

Mm 



F 



R 



1 III s—^ 

n-1 



ic;R 



2-21 



(53) 



i=i 



Thus we have derived the Newton's law of gravitation in Lovelock gravity resulting from the 
entropic force. It is obvious that the first term of the above expression yields the famous Newton's 
law of gravity, and the others terms will be important only for strong gravity or small distances. 
In this manner, the dynamical equation for (n + l)-dimensional Newtonian cosmology takes the 
following form 



a 
a 



2G n+1 W 2 
■ n(f-l)! ' 



E 



ICj 



2i-2 



(54) 



-2 ->■ i=l 

The acceleration equation for the dynamical evolution of the FRW universe in (n+ l)-dimensional 
Lovelock gravity is obtained following the method developed in the previous section. The result is 



a 
a 



-n(n-m-l)l [{n ~ 2)P + np] E ^ R 



2-2i 



(55) 



2 i= l 

Multiplying da on both sides of Eq. (f55j) . and using the continuity equation (fTTl) . after integrating, 
we get 



H 2 + 



k 



AG, 



n/2 



n(n-2)(f -1)!' 



IC-i 



1=2 



p a 2 r 2i 2 



d(pa 2 ) 

n 2i-2 



(56) 



Using Eq. 



we can perform the integration. We obtain 



H 2 + 



AG, 



+ 171" 



n/2 



n(n-2)(f - 1)! 



P 



! + E 



i=2 



[2 - n(l + w)]idi 1 
[2(2 -i) -n(l + w)] X R 2 ^- 1 ) 



(57) 
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Eq. (|57p can be rewritten in the following form 



H 2 + ^r 



[2 - n(l + w)]idi 



i=2 



[2(2 



n(l + u>)] R 2 ^- 1 ) 



-i 



4G n+1 W 2 



n(n-2)(f -1)! 



P- 



(58) 



At the present time where R S> 1, we can expand the l.h.s of the above equation. Using Eq. (USD , 
we reach 



# 2 + 4 



i=2 



(2 - n(l + w))ic 
[2(2 - i 



n(l + \ a z 



i-l 



n(n-2)(S - 1)!' 



(59) 



If we define 



i[2 — n(l + w)]ci 



(60) 



(61) 



+ -2(2-*)' 
then we can write Eq. (j59[) in the following form 

; 2 x , n(n _ 2 )(|-l)! p - 

In this way we derive the (n + l)-dimensional Friedmann equations in Lovelock gravity from the 

Lin 

entropic force approach which is consistent with the result obtained from different methods [9J, |31| • 
When ^ = (i > 2), one recovers the standard Friedmann equation in Einstein gravity. The first 
term in summation of the above equation is the Gauss-Bonnet leading correction term derived in 
the previous section provided we define C2 = a. In this case (3% is exactly the a' of the previous 
section. 



V. CONCLUSIONS AND DISCUSSIONS 



According to Verlinde's argument, the total number of bits on the holographic screen is pro- 
portional to the area, A, and can be specified as iV = Indeed, the derivation of Newton's 
law of gravity as well as Friedmann equations, in Verlide formalism, depend on the entropy-area 
relationship S = where A = AttR 2 represents the area of the horizon [161 ]. However, it is well 
known that the area formula of black hole entropy no longer holds in higher derivative gravities. 
So it would be interesting to see whether one can derive Newton's law of gravity as well as the cor- 
responding Friedmann equations in these gravities in the framework of entropic force perspective 



101- 



developed by Verlinde 

In this paper, following the logic of [if]], we generalized the entropic force idea to all higher 
dimensions. Then, we applied the formalism of entropic gravity to string inspired Gauss-Bonnet 
theory and more general Lovelock gravity. As a result, we derived Newton's law of gravitation 
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as well as the corresponding Friedmann equation in these gravity theories. In our derivation 
the assumption that the entropy of the apparent horizon of FRW universe in Gauss-Bonnet and 
Lovelock gravity have the same form as the spherically symmetric black hole entropy in these 
gravities, but replacing the black hole horizon radius by the apparent horizon radius, plays a crucial 
role. Interestingly enough, we found that the higher dimensional gravitational coupling constant 
of Friedmann/Einstein equation can be derived naturally from this approach which coincides with 
the result obtained by comparing the weak field limit of Einstein equation with Poisson equation 
in higher dimension. Our study shows that the approach here is powerful enough to derive the 
gravitational field equations in any gravity theory. The results obtained here in the framework of 
Gauss-Bonnet gravity and more general Lovelock gravity further support the viability of Verlinde's 
formalism. 
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